X-ray fluorescence from thin foils inserted into the Naval Postgraduate School linac has been used to measure the integrated electron beam intensity when the accelerator is operating with dark current. The measured x-ray flux, the known inner shell ionization cross sections and radiative transition probabilities are used to obtain measurements of dark currents of the order of 10-14 Amperes. The same arrangement allows continuous, in-situ energy calibration of our SiLi detector in the electromagnetic noise environment of the linac.
I. INTRODUCTION
The count rate for X-ray spectroscopy experiments are limited by detector characteristics and for large cross section events, the incident electron current must be considerably reduced.
In our experiment to measure the characteristics of parametric xradiation (Bragg scattering of virtual photons)', the electron beam from a pulsed s-band linac was restricte'd to dark current wherein the electron gun was turned off and average currents of the * order of amperes were incident on target
A is approximately 1000 electrons per each 1 ps macrobunch in our linac). Such small currents presented a challenge in determining the normalization for the absolute production efficiency of x-rays.
A second consideration is the energy calibration of the x-ray spectrum in the linac environment. The detector is energy calibrated against known sources in a static environment. However, x-rays are generated by electrons from a pulsed s-band rf linac wherein they are accelerated in 1 ps macrobunches. application, the .microbunch structure is not a consideration since the detector resolving time is longer than the linac macrobunch time. During the interaction time of the electron with the target, there are sources of noise associated with the linac pulse structure which distort the energy calibration.
These include klystron rf noise picked up by the detector preamplifier and ground loop currents. Physical corrections such as rf shielding and grounding of the detector system are only partially successful.
II. X-RAY FLUORESCENCE MEASUREMENTS
Both x-ray energy and electron fluence questions have been successfully addressed by the observation of K fluorescence photons from electron-excited atoms.
K energies are well known. Since the electro-excited atomic lifetimes are much shorter than 1 p s they may be considered to be created within the linac bunch duration. With the knowledge of electron interaction cross sections2 and from radiative transition probabilities3, the fluorescent x-ray intensities may be unfolded to obtain the incident electron integrated current. Figure 1 presents a spectrum of fluorescence x-rays obtained from a foil target consisting of a sandwich of titanium. yttrium and tin. For this measurement, the target foil was rotated 30° from normal to the electron beam. 85 MeV electrons were made incident upon the foil targets and x-rays were measured with a Si(Li) detector placed at 45O with respect to the incident electron beam direction. We have also made measurements using other materials such as copper and indium to address other energy calibration markers.
By identifying known emission line energies with observed peaks the measured spectrum could be calibrated.
The fluorescence was assumed to be isotropic. Care was made to order the target foils so that the x-rays were generated sequentially in tin, yttrium and titanium in order to insure that the softer x-rays ,suffered less attenuation. The targets were placed in a vacuum chamber and had to traverse a 25 pm kapton window, a 1. total number of electrons incident on target Number of photons detected Atomic Weight of target (&mole) electron interaction cross section (cm2) detector solid angle density of target material (gm/cm2) Avogadro's number radiative transition probability effective target thickness (cm) total photon attenuation factor detector efficiency -.
intensity calibration has been determined. This technique can be further exploited for special circumstances.
With a soft x-ray detector contained in the same vacuum system as the electron beam, it would be possible to use the xray fluorescence from the parametric x-ray generation target. For example, with a crystalline silicon target, 1.8 keV x-rays would have to be detected. For heavier crystals such as silver, the present arrangement would suffice result in Ka xrays of 22.16 and 21.99 keV and K x-rays of 24.9 keV.
The method described in this paper need not be confined to the measurement of parametric x-radiation. but can be extended to other sources B When two photons arrive within the such as channeling5 and transition radiation 6 .
resolving time of the detector, they are counted as a single photon with energy equal to the sum of the two photons. The inferred average currents when the ratio between linac machine pulses and events counted in the pulse height analyzer was 2:l differ by over 30 %.
When the ratio of machine pulses to observed counts is increased to 7:1, the range of inferred currents is reduced to a more consistent 13 %.
The uncertainties presented in these tables mainly reflect the estimated uncertainties of 30 % for the electron- Table I . Number of observed photons, incident electrons and average current. Elapsed time was 4212 s.
,.
interaction cross section" and 10 % for the uncertainties reflect systematic errors for determination of the absolute integrated beam current.
radiative transition probabilities 3 . These 111. APPLICATION The method prescribed here was used to both energy calibrate and normalize the spectrum of x-rays from parametric x-radiation . Figure 2 presents an observed PXR spectrum.
In this observation, a thin foil of tin was placed on the back of a mosaic graphite target from which the PXR peaks of interest were generated.
The fluorescent x-rays and the parametric x-rays were measured under identical conditions. PXR peaks are located at integer multiples of the fundamental.
By carefully selecting x-ray fluorescence calibration materials, the calibration peak may be made to not interfere with the measurement of the PXR peak. The tin xray peaks serves both as an energy marker and as an integrated beam current monitor. Observed spectrum of parametric x-radiation from a mosaic graphite target. A thin foil of tin behind the PXR target was used to create the calibration peak at 25.2 keV.
